Abstract Several lichen species have been used for medicinal purposes throughout the ages, and they are reported to be effective in the treatment of different disorders including ulcer and cancer. It is revealed that lichens may be easily accessible sources of natural drugs and possible food supplements after their safety evaluations. The main objective in this study was to evaluate the roles of aqueous extracts of Xanthoria elegans (at 25, 50 and 100 lg/ml) upon mitomycin C (MMC; at 10 -7 M) induced genotoxic and oxidative damages in cultured human lymphocytes. X. elegans were collected from the Erzurum and Artvin provinces (in Turkey) during August 2010. After the application of MMC and X. elegans extract (XEE), separate and together, human whole blood cultures were assessed by four genotoxicity end-points including chromosomal aberration, micronucleus, sister chromatid exchange (SCE) and 8-oxo-2-deoxyguanosine (8-OHdG) assays. In addition, biochemical parameters [total antioxidant capacity (TAC) and total oxidative stress (TOS)] were examined to determine oxidative effects. According to our results, the frequencies of cytogenetic endpoints and 8-OH-dG levels were significantly increased by MMC compared with controls in human peripheral lymphocytes. MMC caused oxidative stress by altering TAC and TOS levels. On the contrary, XEE led to increases of TAC level without changing TOS level. XEE had no genotoxic effect. Furthermore, our findings revealed that MMC induced increases in the mean frequencies of four genotoxic indices were diminished by XEE in dose dependent manner, indicating its protective role towards cells from MMC exerted injury. In conclusion, the results obtained in the present study indicate for the first time that XEE is a potential source of natural antigenotoxicants.
Introduction
Lichens, symbiotic associations between algae and fungi, are effective in the treatment of diseases such as hemorrhoids, bronchitis, dysentery, and tuberculosis (Kim and Choç 2007; Gülçin et al. 2002) . Their biological activities and chemical compositions have long been investigated for anti-microbial (Candan et al. 2007 ), anti-viral (Fazio et al. 2007 ), anti-tumor (Rezanka and Dembitsky 2006) , anti-proliferative (Ren et al. 2009 ), anti-inflammatory (Silva et al. 2010; Süleyman et al. 2003) , anti-mutagenic (Geyikoglu et al. 2007; Turkez and Dirican 2012) and anti-oxidant (Kohlhardt-Floehr et al. 2010; Aydin and Turkez 2011a, b; Turkez et al. 2012a) properties till today. On the other hand, lichens were used as raw materials in paint and cosmetic industry, as environmental indicators, as food and as medicine for various purposes (Cocchietto et al. 2002; Dilsizoglu et al. 2004; Yazıcı and Aslan 2006; Svoboda 2007) . The anti-inflammatory effect of methanol extract of the lichen species Peltigera rufescens was reported for its reducing effect on the neutrophil-derived free radicals and its ameliorating effect on the anti-oxidant defense systems (Tanas et al. 2010) . Likewise, Halici et al. (2005) reported that, the water extract of the lichen, Usnea longissima, has protective effect in indomethacin-induced ulcers, which can be attributed to its anti-oxidant potential.
Nowadays, extensive efforts are made to investigate therapeutic substances capable of reducing the genotoxicity of various natural and man-made mutagens in human life . These include vitamins, fatty acids and antibody (Edenharder et al. 1999; Rao et al. 2001; Yoshida et al. 2010; Turkez et al. 2012b ). Concomitant treatment with the anti-oxidants provided protection against oxidative damage by mutagens in experimental animals (Abubakar et al. 2003; Esparza et al. 2003; Geyikoglu et al. 2005; . To our best knowledge, no investigation on the anti-genotoxicity potential of X. elegans extracts (XEEs) on mitomycin C (MMC)-induced cytotoxicity in human blood cells was reported in the literature. Thus, the aim of the present study was to elucidate the potential beneficial role of XEE against MMC-induced genotoxic and oxidative damage. To do this, chromosomal aberrations (CA), micronucleus (MN) and sister chromatid exchange (SCE) rates and total antioxidant capacity (TAC), total oxidative stress (TOS) and 8-oxo-2-deoxyguanosine (8-OH-dG) levels were assessed after following treatments with XEE and MMC (a well known reference mutagen) in cultured human blood cells. CA, MN SCE and 8-OH-dG are rapid, reliable and sensitive tests for evaluating the presence and extent of DNA damage in human populations that are exposed to genotoxic substances in environments and their lifestyles Turkez et al. 2012c ). In addition, important oxidative parameters, TAC and TOS were used to monitor their anti-oxidant or prooxidant activities in vitro (Turkez and Togar 2010) .
Materials and methods

Plants and extraction
Xanthoria elegans lichen species were collected from the Erzurum and Artvin provinces (Turkey) during August 2010. After drying at room temperature, a stereo microscope, a compound microscope, and the usual spot tests were used in the identification of the samples using reference books (Poelt 1974; Purvis et al. 1992; Wirth 1995; Aslan and Yazici 2006) . The specimens are stored in the herbarium of Kazım Karabekir, Faculty of Education, Atatürk University, Erzurum. For water extraction of X. elegans, 20 g sample was mixed with 400 ml distillated and boiling water using magnetic stirrer for 15 min. Then the extracts were filtered over Whatmann No. 1 paper.
Experimental design
Whole heparinized human blood from four healthy non-smoking donors between the ages of 22 and 25 with no history of exposure to any genotoxic agent was used in our experiments. Questionnaires were obtained for each blood donor to evaluate exposure history, and in addition, informed consent forms were signed by each donor. In all volunteers involved in this study, hematological and biochemical parameters were analyzed and no pathology was detected. MMC (C 15 H 18 N 4 O 5 ; Sigma Ò , St, Louis/MO, USA, at 10 -7 M) and three concentrations (25, 50 and 100 mg/l) of lichen aqueous extracts were tested in cultured human lymphocytes. These compounds were added to the cultures just before incubation for cytogenetic analysis. Experiments were conformed to the guidelines of the World Medical Assembly (Declaration of Helsinki). The concentrations were selected according to the previous studies (Scarpato et al. 1990; Aydin 2011) . After supplementation of MMC and XEEs, the blood was incubated for 72 h at 37°C to adjust body conditions for testing genotoxicity. Experiments conforming to the guidelines of the World Medical Assembly (Declaration of Helsinki).
Each individual whole blood culture without MMC or XEE was studied as a control group.
CA assay
Human peripheral blood lymphocyte cultures were set up according to a slight modification of the protocol described by Evans and O'Riordan (1975) . A 0.5 ml aliquot of heparinized blood was cultured in 6 ml of culture medium (Chromosome Medium B; Biochrom, Berlin) with 5 mg/ml of phytohemagglutinin (Biochrom) . The cultures were incubated in complete darkness for 72 h at 37°C. Two hours prior to harvesting, 0.1 ml of colchicine (0.2 mg/ml, Sigma) was added to the culture flask. Hypotonic treatment and fixation were performed. To prepare slides, 3-5 drops of the fixed cell suspension were dropped on a clean slide and air-dried. The slides were stained in 3 % Giemsa solution in phosphate buffer (pH 6.8) for 15 min. For each treatment, 30 well-spreaded metaphases were analyzed to detect the presence of CA. Criteria to classify the different types of aberrations (chromatid or chromosome gap and chromatid or chromosome break) were in accordance with the recommendation of EHC (Environmental Health Criteria) 46 for environmental monitoring of human populations (IPCS 1985) .
MN assay
The MN test was performed by adding cytochalasin B (Sigma Ò ) after 44 h of culture as previously described by Fenech and Morley (1985) . At the end of the incubation period, the lymphocytes were fixed with ice-cold methanol: acetic acid (3:1). The fixed cells were put directly on slides using a cytospin, and stained with May Grünwald-Giemsa. All slides were coded before scoring. The slides were scored according to criteria reported by Fenech (1993) . At least 2,000 binucleated lymphocytes were examined per concentration (two cultures per concentration) for the presence of one, two or more micronuclei.
SCE assay
In order to provide successive visualization of SCEs, 5-bromo-2 0 -deoxyuridine (Sigma Ò ) was added after culture initiation. At exactly 70 h and 30 min after beginning incubations, colcemid (Sigma Ò ) was added to the cultures. After hypotonic treatment (0.075 M KCl) followed by three repetitive cycles of fixation in methanol/acetic acid solution (3:1, v/v), centrifugation, and resuspension, the cell suspension was dropped onto chilled, grease free microscopic slides, air-dried, aged, and then differentially stained for the inspection of SCE rate according to fluorescence plus Giemsa (FPG) procedure (Perry and Wolff 1974) . For each treatment condition, 25 well-spread second division metaphases were scored by a single observer (E. Aydin), and the values obtained were calculated as SCEs per cell.
Nucleic acid oxidation DNA oxidation was determined by measuring the amount of 8-OH-dG adducts. DNA was digested by incubation with DNAase I, endonuclease, and alkaline phosphatase (Schneider et al. 1993) . The amount of 8-OH-dG was measured by high performance liquid chromatography (HPLC) with electrochemical detection as described previously .
TAC and TOS analysis
The major advantage of TAC test is to measure the anti-oxidant capacity of all anti-oxidants in a biological sample and not just the anti-oxidant capacity of a single compound (Kusano and Ferrari 2008) . In this test, anti-oxidants in the sample reduce dark bluegreen colored ABTS radical to the colorless reduced ABTS form. The change of absorbance at 660 nm is related with total anti-oxidant level of the sample. The assay is calibrated with a stable antioxidant standard solution which is traditionally named as Trolox Equivalent that is a vitamin E analog. Since the measurement of different oxidant molecules separately is not practical and their oxidant effects are additive, the total oxidant status (TOS) of a sample is measured and this is named total peroxide (TP), serum oxidation activity (SOA), reactive oxygen metabolites (ROM) or some other synonyms. In the TOS assay performed here, oxidants present in the sample oxidize the ferrous ion-chelator complex to ferric ion. The oxidation reaction is prolonged by enhancer molecules, which are abundantly present in the reaction medium. The ferric ion makes a colored complex with chromogen in an acidic medium. The color intensity, which can be measured spectrophotometrically, is related to the total amount of oxidant molecules present in the sample. The assay is calibrated with hydrogen peroxide and the results are expressed in terms of micromolar hydrogen peroxide equivalent per liter (lmol H 2 O 2 Equiv./L). The automated Trolox equivalent total anti-oxidant capacity (TAC) and total oxidant status (TOS) assays were carried out in plasma samples obtained from blood cultures for 2 h by commercially available kits (Rel Assay Diagnostics Ò , Gaziantep, Turkey) (Erel 2004 (Erel , 2005 .
Statistics
The results are expressed as mean ± standard deviation (SD). Comparison between groups was carried out by one-way analysis of variance followed by Duncan multiple range tests with the level of significance set at P \ 0.05.
Results
The results of the present study showed that, MMC (at 10 -7 M) caused increases of CAs frequencies. On the contrary, three XEE doses alone (at 25, 50 and 100 lg/ml) did not change the rate of CAs. Moreover, important statistical significances in the reduction of CA frequencies were found in the cultures concomitantly treated with XEE and MMC as compared to the group MMC treated alone (Fig. 1) .
In the treatment for 72 h, a significant increase in induced MN rates was found at 10 -7 M MMC (P \ 0.05). XEE at tested concentrations did not increase the rate of MNs. However, the positive effect of XEE in decreasing the incidence of MNs in comparison with an unprotected level was attained when cultures were treated simultaneously with MMC and XEE (Fig. 2) . MMC also caused a statistically significant increase of SCE rates as compared to control group. On the contrary, three XEE applications alone also did not change the rate of SCEs. However, significant reductions of SCE rates were found in the cultures concomitantly treated with XEE and MMC as compared to the group MMC treated alone (Fig. 3) .
The status of 8-OH-dG in human lymphocytes of contol and all XEE concentrations was presented in Fig. 4 . It was observed that MMC (at 10 -7 M) but not XEE applications significantly increased 8-OH-dG concentrations in the human blood cultures after 72 h. Moreover, the XEEs significantly decreased 8-OH-dG SCEs/cell Fig. 3 Rate of SCEs in cultured human lymphocytes simultaneously exposed to MMC and XEEs. Abbreviations are as in Fig. 1 concentrations in MMC-treated human lymphocytes in a dose dependent manner. Table 1 shows the effect of XEEs and MMC on oxidant status in human whole blood cultures were determined by TAC and TOS analysis. As shown in Table 1 , the TAC value decreased with the addition of MMC while TOS value increased. In contrast to the XEE did not alter the TOS level but increased the TAC level in a dose dependent manner. Furthermore, XEEs had dose dependent inhibitory effects on oxidative damage in human blood cells by MMC.
Discussion
In the present study we observed that MMC caused genotoxicity in human lymphocytes. In fact, CA test is regarded as a very important and useful indicator of exposure to biological and chemical agents (Padovani et al. 1997) . MN assay provides a measure of both chromosome breakage and chromosome loss or nondisjunction in clastogenic and aneugenic events, respectively (Karaman et al. 2009 ). And damaged DNA can lead to aneuploidy and/or chromosomal instability, which is believed to be major contributor to tumor progression (Erol 2010). DNA damages and defective DNA repairs cause SCEs (Bozkurt et al. 2003) . In accordance with our finding, cellular toxicity after MMC exposure may occur from MMC-induced insults such as the generation of free radicals, DNA monoadducts, and SCE formations; however, the most significant effects are due to the accumulation of covalent DNA interstrand cross-links (Tomasz 1995; Liao et al. 2012; Rencuzogullari et al. 2012) .
In our investigation, it was determined that MMC led to development of oxidative stress (by altering TAC and TOS levels) and increases of 8-OH-dG levels. Similar to our findings, MMC was reported to be bioactivated by P450 reductase through one electron reduction and produces oxygen radicals (Seow et al. 2004) . Ortega-Gutiérrez et al. (2009) revealed that MMC generated free radicals when metabolized. Activity of anti-oxidant enzymes like superoxide dismutase (SOD) and glutathione peroxidases (GSH-Px) content had declined after exposure to MMC in blood and liver samples of mice (Li et al. 2009 ). And, MMC induced oxidative DNA damage via increasing 8-OH-dG level in sea urchin embryos (Pagano et al. 2001) .
In our present study, there is considerable evidence that XEE presented protective effects with increasing amounts without leading to any genetic damage in lymphocytes with. Several free radical scavenger agents, such as amifostine, proline-rich polypeptide and nitroxide, prevented the cytotoxic damage mediated by MMC in different organisms (Krishna et al. 1991; Hahn et al. 1997; Santini 2001; Aroutiounian et al. 2010 ). Likewise, it was suggested that apigenin and quercetin (bioflavonoids) exhibited protection against the MMC genotoxicity on mice bone marrow cells (Siddique and Afzal 2009; Mazumdar et al. 2011) . In a previous study, it was determined that American ginseng extract was capable of suppressing the CA induced by MMC in mice (Pawar et al. 2007 ). Also, erythropoietin (a hormone produced by the kidney) decreased SCE formations induced by MMC (Digkas et al. 2010 ). According to our results, we could suggest that XEEs have important biological and pharmaceutical consequences, because the induction of CAs, MNs and SCEs here observed were also ameliorated by concurrent administration of XEE. There are multiple forms of SOD, GSH-Px, glutathione reductase (GR) and catalase (CAT) in lichens (Weissman et al. 2006; Del Hoyo et al. 2011; Kotan et al. 2011) . It was established that the water extracts of lichenes presented important effects against tissue damages, which could be attributed to their antioxidant potential (Rezanka and Dembitsky 2006; Kim and Choç 2007) . In fact, Xanthoria species were shown to contain various anthraquinone pigments, and especially parietin (Brodo et al. 2001) . Manojlovic et al. (2010) investigated the anthraquinones content of lichen Laurera benguelensis and reported that the lichen extracts showed high anti-oxidant activity due to its metabolites including parietin. In accordance with this finding, Yim et al. (1998) determined that the cellular protection afforded by the anthraquinonecontaining fraction of herbal extracts might be related to its ability to sustain the glutathione anti-oxidant status under the oxidative stress conditions.
In the light of findings obtained in the present study, it is suggested that XEE supplements in foods could protect blood tissue against mutagens-induced oxidative DNA damage. So, the lichen X. elegans has the potential of being utilized as novel bioresources for naturally occurring anti-oxidant therapies. 
